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(54) UQUID TRANSPORTATION APPARATUS 

(57) In a liquid infusion apparatus, an incremental 
linear encoder is arranged along the feeding shaft direc- 
tion of the liquid infusion apparatus to directly monitor 
the movement and position of a carriage part which 
applies an action to a plunger. A detecting sensor is pro- 
vided at a starting point of a remaining liquid quantity 
small region to recognize the absolute position at said 
region by using feed-back pulses from said encoder. A 
pressing device for pressing a flange of the plunger to a 
plunger receiving portion of a slider by holding arms is 
provided. A pressure sensor is arranged between said 
plunger receiving portion and the slider to detect a neg- 
ative pressure applied to the plunger in such a manner 
that the other operation states of pressure are detected 
based on a detected value of pressure at which the 
flange is pressed to the plunger receiving portion. The 
holding arms which are able to open are moved in the 
moving direction of the slider to press for holding the 
flange of the plunger to the plunger holding portion of 
the slider. The holding arm for press holding the flange 
of the plunger with the slider is supported rotatably 
freely by a shaft and urged to rotate by a spring in the 
clockwise direction. A projection which is engaged with 
a small projection provided an end of the holding arms 
is provided on a lever, so that the holding arm can be 
rotated in the counter-clockwise direction by said pro- 



jection. A half-nut releasing device interlocking with a 
retracting lever provided on the slider for disengaging 
the half-nut from a feed screw is composed of means to 
urge the half-nut by a release cam having a step portion 
and of means to press the flange of the plunger against 
the slider by the holding arm for holding the flange of the 
plunger. A one-way clutch for transmitting a driving force 
in the cyringe pushing direction is arranged between the 
output shaft of a prime mover and the feed screw. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a liquid infu- 
sion apparatus, and more particularly, relates to a liquid 
infusion apparatus having a driving means for infusing 
liquid by pushing a plunger into a cyringe. 

BACKGROUND ART 

[0002] Fig. 1 shows a conventional liquid infusion 
apparatus having a driving means comprising a CPU 1 . 
a motor driving circuit 2, a potentiometer output 
processing circuit 3, an encoder output processing cir- 
cuit 4, a motor 5, gears 6, a feed screw 7. a carriage 8, 
a slider 9 (plunger pushing out portion), a rotary 
encoder 10. a potentiometer 13. a hook 1 1 for operating 
the potentiometer 13. a wire 12, a cyringe 14. and a 
plunger 15. In said conventional infusion apparatus 
shown in Fig. 1, the cyringe 14 having the plunger 15 
therein is mounted stationarily. The feed screw 7 is 
arranged in parallel with said cyringe 14, connected to 
the motor 5 through the gears 6, and brought into 
engagement with the carriage 8. The slider 9 is con- 
nected to the carriage 8 and brought into engagement 
with an end of the plunger 15. The rotary encoder 10 is 
connected to the motor 5 or the feed screw 7. 
The potentiometer 1 3 is arranged at a position in paral- 
lel with the feed screw 7. The hook 11 is connected to 
an end of the wire 12 for rotating said potentiometer 13 
and arranged so as to engage with the carriage 8 when 
the carriage 8 is moved to a remaining liquid quantity 
small section. The output of the rotary encoder 10 is 
applied to the CPU 1 through the encoder output 
processing circuit 4 and processed. The output of the 
potentiometer 13 is applied to the CPU 1 through the 
potentiometer output processing circuit 3 and proc- 
essed. The motor is driven by a signal from the CPU 1 
through the motor driving circuit 2, so that the plunger 
15 is pushed out at a predetermined speed through a 
predetermined length to exhaust the liquid in the 
cyringe. 

[0003] A further or second conventional liquid infusion 
apparatus shown in the Japanese Patent Application 
Laid-Open No. 4221 8/93 comprises a driving means for 
driving a plunger of a cyringe to move at a predeter- 
mined speed between a first and a second positions, 
and a first linear encoder arranged between a third and 
fourth positions corresponding to the first and second 
positions, respectively, for detecting the absolute posi- 
tion and the moving distance of said plunger. Fig. 2 
shows the essential portion thereof. 
[0004] In the first conventional apparatus, no actual 
feeding quantity of the carriage can be detected in case 
that a slip is generated about the feed screw or the 
motor, or the carriage is floated on the feed screw, and 
no actual position of the remaining liquid quantity small 



section can be detected in case that the wire is cut or 
the contact of the electric terminal of the potentiometer 
is failure. Further, in the second conventional apparatus, 
such problems that the actual feeding quantity of the 
5 carriage can not be detected because of the slip about 
the feed screw or the motor, or of the floatation of the 
carriage on the feed screw can be solved, because in 
the second conventional apparatus, the moving state of 
the carriage is detected by the linear encoder. However, 
io the second conventional apparatus has such a problem 
that the linear encoder for detecting the absolute value 
is expensive and the skill is required. Accordingly, an 
object of the present invention is to provide a liquid infu- 
sion apparatus having a driving means which can detect 
is exactly and control the movement of the plunger so as 
to solve the above problems. 

[0005] Further, Japanese Patent Application Laid- 
Open Na 44390/88 discloses an improved liquid infu- 
sion apparatus comprising a feed screw to be driven by 
20 a prime mover, and a slider movable linearly, wherein 
the slider is brought into engagement with said feed 
screw so as to push out a plunger in a cyringe and to 
exhaust liquid in the cyringe, and a pressure exerted on 
the plunger by the slider is detected and compared with 
25 a reference value to generate a warning signal. 

[0006] In said liquid infusion apparatus, a pressure 
sensor is provided at a plunger pushing portion of the 
slider and an output of the sensor is compared with a 
plurality of reference values so as to generate the warn- 
so ing signal and to carry out safely the infusion. As shown 
in Fig. 3, however, in said liquid infusion apparatus an 
end of the plunger is brought into contact simply with the 
slider, and accordingly in case that the plunger is 
sucked into the cyringe by an attractive force due to the 
35 negative pressure applied to the cyringe. the slider is 
brought into disengagement with the plunger, so that 
the liquid infusion cannot be attained, but such state 
cannot be detected. Accordingly, the other object of the 
present invention is to provide a liquid infusion appara- 
40 tus which can detect the negative pressure applied to 
the plunger. 

[0007] Rgs. 4A and 4B are views explaining the oper- 
ation of the other conventional liquid infusion apparatus. 
Fig 4A shows such a state that the cyringe 14 and the 

45 plunger 15 are not yet mounted on the main body of the 
apparatus. Fig. 4B shows such a state that the cyringe 
1 4 and the plunger 1 5 are mounted on the main body. In 
Figs. 4A and 4B, a reference numeral 14-1 denotes a 
flange of the cyringe 14. a reference numeral 15-1 

so denotes a flange of the plunger 1 5. A reference numeral 
16 denotes a slider, 16-1 denotes a holding member 
provided at the slider 16 for holding the flange 15-1 of 
the plunger 15, 16-2 denotes a pushing portion of the 
slider 16, 16-3 denotes a grooved portion formed on the 

55 holding member 1 6-1 , and 1 7 denotes a lever of a slider 
unlock means (not shown). A reference numeral 17-1 
denotes a push button of the lever 17. 17-2 denotes a 
pivot shaft of the lever 17, 21 denotes a main body of 
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the liquid infusion apparatus, and 21-1 denotes a 
groove provided at the main body 21 for receiving 
therein the flange 14-1 of the cyringe 14. In order to 
install the cyringe 14 and the plunger 15 to the main 
body 21 of the liquid infusion apparatus shown in Fig. 5 
4A, the slider 1 6 is disengaged from the feed screw 7 by 
pushing the pushing button 17-1 of the lever 17, the 
slider 1 6 is moved toward the flange 15-1 of the plunger 
15, and the pushing portion 16-2 is brought into contact - 
with an outer end of the plunger 15. so that the cyringe i 0 
14 and the plunger 1 5 are fixed to the main body 21 as 
shown in Fig. 4B. The width of the grooved portion 16-3 
is determined corresponding to the maximum thickness 
of the flange 15-1 of the plunger 15. 
[0008) In the above conventional apparatus, however, is 
the width of the grooved portion 16-3 of the holding 
member 16-1 is fixed, and accordingly, if the thickness 
of the flange 15-1 of the plunger 15 is smaller than that 
of the grooved portion, the plunger 15 cannot be held 
positively by the slider 16. 20 
[0009] Further, in a liquid infusion apparatus wherein 
the liquid infusion is carried out automatically by moving 
the plunger of the cyringe using a motor, it is necessary 
absolutely to prevent the plunger from moving in a (suc- 
tion) direction contrary to the pushing direction of the 2s 
plunger. Accordingly, in the conventional liquid infusion 
apparatus, the rotary direction of the motor is limited to 
only one direction by a motor driving program and an 
electric circuit thereof. 

[0010] Recently, however, most of electric appliances 30 
generate many Wnds of electric noises (electromagnetic 
waves) according to the development of the electronic 
systems, so that many problems of wrong operation due 
to the noises have been encountered in the field of the 
medical services. 35 
[0011] Further. Japanese Utility Model Application 
Laid-Open No. 89053/63 discloses an improved liquid 
infusion apparatus comprising a feed screw driven by a 
prime mover, and a slider movable linearly, engaged 
with the feed screw so as to push out the plunger of the 40 
cyringe and infuse liquid from the cyringe, wherein the 
engagement and disengagement of the slider with the 
feed screw can be carried out corresponcfing to that of 
the slider with the cyringe. In said conventional infusion 
apparatus, as shown in Figs. 5A and 5B, a sliding 4s 
means is provided at a driving pawl which is fitted into a 
driving member when the cyringe is installed on the 
main body, so that a feed screw is disengaged from a 
half-nut fixed to said driving member at the same time of 
the sliding of the driving pawl. Japanese Patent Applica- so 
tion Laid-Open No. 247347/91 discloses a further con- 
ventional liquid infusion apparatus as shown in Fig. 6. In 
this apparatus, a movable block is provided movably 
reciprocally in an axial direction of a cyringe and con- 
nected to a driving means, and a pushing portion of a ss 
plunger is provided at the movable block movably recip- 
rocally between a position where the pushing portion is 
engaged with the plunger and a position where the 



pushing portion is disengaged from the plunger, and a 
half-nut is engaged with and disengaged from a feed 
screw according to the movement of the movable block. 
[0012] The apparatus shown in Figs. 5A and 5B, or 
shown in Fig. 6 has such problems that in the loading 
state the half-nut is floated on the feed screw, because 
the half-nut is normally urged to the feed screw by a 
spring, so that the precise feeding operation cannot be 
carried out Further, in the conventional apparatus, 
operations for engaging the plunger with the slider and 
for disengaging the plunger from the slider are carried 
out at the same time with operations for engaging the 
feed screw with the half-nut and for disengaging the 
feed screw from the half-nut. However, only a simple 
groove is provided at a holding portion of the slider for 
holding a flange of the plunger, so that the flange of the 
plunger is held unsteadily by the holding member due to 
the difference between the thickness of the flange of the 
plunger and the width of groove formed on the holding 
portion of the slider, which are generated by the 
mechanical precision. In the conventional apparatus 
mentioned above, it is preferable generally to shape the 
feed screw so as to have teeth of rectangular in cross 
section, which is in parallel with a vertical plane normal 
to the feeding direction of the feed screw, in order to pre- 
vent the half-nut from floating from the feed screw in 
case of loading. However, there are two problems. One 
problem is that the feed screw having teeth of the rec- 
tangular cross section is high in manufacturing cost, 
because the manufacturing steps thereof are limited. 
The other problem is that the flange of the plunger can- 
not be held precisely by the holding member, because a 
gap is formed between the flange of the plunger and the 
groove of the holding member due to the manufacturing 
precision. 

[001 3] The task of the present invention is to solve the 
above problems and to provide a liquid infusion appara- 
tus of high precision and inexpensive. 

DISCLOSURE OF THE INVENTION 

[0014] A liquid infusion apparatus according to the 
present invention has means for fixing an outer cylinder 
of a cyringe and driving means for pushing a plunger in 
a predetermined direction so as to exhaust liquid in the 
cyringe, and is characterized by comprising an incre- 
mental linear encoder arranged along the feeding axis 
of said driving means for pushing the plunger, detecting 
means of said incremental linear encoder mounted on a 
slider portion of said driving means for pushing the 
plunger, means for processing an output of said detect- 
ing means, applying to an UP/DOWN counter and com- 
paring with an initial value inputted previously so as to 
generate a signal indicating a moving quantity of said 
plunger, and a sensor provided in the vicinity of an end 
of said outer cylinder for setting along said feeding axis 
a remaining liquid quantity small section, wherein said 
counter is reset or the counted value is memorized and 
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then the counting is started by an output of said sensor 
so as to determine a position of the plunger at said 
remaining liquid quantity small section. According to the 
above construction, the moving quantity and the posi- 
tion of the carriage for moving the plunger can be 5 
detected directly by an inexpensive incremental linear 
encoder. Further, the absolute position at the remaining 
infusion liquid quantity small section can be recognized 
in non-contact manner by counting feedback pulses 
from the encoder after that the carriage is passed 10 
across the detecting sensor for detecting the starting 
point of the remaining infusion liquid quantity small sec- 
tion. 

[001 5] In a liquid infusion apparatus according to the 
present invention, a holding arm for holding a flange of 75 
a plunger is provided rotatably and movably in a mova- 
ble direction of a slider so as to push the flange of the 
plunger to the slider by the holding arm for holding. 
[0016] According to the liquid infusion apparatus as 
mention above, the flange of the plunger can be held 20 
precisely by the slider, even if the size of the cyringe is 
varied, because the flange of the plunger is pushed to 
the slider by the holding arm for holding. 
[0017] Further, a liquid infusion apparatus of the 
present invention has a holding arm for pushing the 25 
flange of said plunger in a direction reverse to a pushing 
direction of the plunger toward a plunger holding portion 
of said slider for holding, a pressure sensor provided at 
said plunger holding portion of the slider, and a process- 
ing circuit for comparing an output of said pressure sen- 30 
sor with a plurality of reference values to generate a 
processing signal. 

[0018] In said liquid infusion apparatus, even if a force 
stronger than a pressure acting on the plunger by the 
slider is applied to the plunger so that the plunger is to 35 
be sucked into the cyringe (negative pressure state), the 
plunger can be held by the slider, and a negative pres- 
sure state can be detected by comparing an output of 
said pressure sensor in case that the flange of said 
plunger is held by the plunger holding portion by the 40 
holding arm with the reference values. 
[0019] Further, a liquid infusion apparatus according 
to the present invention has a feed screw driven by a 
prime mover and a slider movable linearly and engaged 
with said feed screw so as to push a plunger of a 45 
cyringe for exhausting liquid in the cyringe, and is char- 
acterized by comprising a lever supported rotatably 
freely by a first shaft arranged horizontally and normally 
to a moving direction of said slider, a push button pro- 
vided at one end of said lever so as to project from said so 
slider, a slider releasing device, an interlocking rod inter- 
locking with said slider releasing device, the other end 
of said lever being contacted with said interlocking rod, 
holding means supported by said slider rotatably by a 
second shaft which is in parallel to said first shaft for 55 
press holding the flange of the plunger by the slider, a 
spring for urging the holding means to rotate in the 
clockwise direction, and interlocking means for inter- 



locking said holding means with said lever. 
[0020] In the above construction, the flange of the 
plunger can be held positively by the slider, even if the 
size of the thickness of the flange of the plunger is var- 
ied, because the flange of the plunger is pushed to the 
slider by the holding arm tor holding. 
[0021] Further, a liquid infusion apparatus of the 
present invention is characterized by comprising a half- 
nut releasing device interlocking with a releasing lever 
mounted on the slider, said half-nut releasing device 
comprising means for engaging the feed screw with the 
half-nut and disengaging the feed screw from the half- 
nut moved by a releasing cam having a step portion, 
and means for pushing the flange of the plunger to the 
slider by the holding arm for holding. Further, the cross 
section of the tooth of the feed screw is inclined to a 
plane normal to the feeding direction of the screw, so 
that the feed screw can be manufactured by the form 
rolling process etc. in mass production basis. 
[0022] In the above construction, the releasing cam of 
the half-nut releasing device is moved in the forward 
direction of the interlocking rod to urge the half-nut to 
the feed screw, so that the releasing cam receives a 
component force in the vertical direction of a force 
applied to the half-nut on loading, thereby causing the 
half-nut is prevented from floating. 
[0023] Further, the flange of the plunger is pushed to 
the slider by the arm provided at the slider, the flange is 
held positively by the slider and no gap is formed 
between the contact portion of the slider and the end of 
the plunger, so that the movements of the slider and the 
plunger coincide perfectly with each other and precise 
liquid infusion can be realized. 

[0024] Further, a liquid infusion apparatus according 
to the present invention has a feed screw driven by a 
prime mover and a slider movable linearly and engaged 
with said feed screw so as to push a plunger of a 
cyringe for exhausting liquid in the cyringe, and is char- 
acterized in that means for transmitting a driving force 
only in a cyringe pushing direction is inserted between 
the feed screw and the prime mover. 
[0025] In the liquid infusion apparatus according to the 
present invention, a mechanical backstop is provided 
between a rotary shaft of the electric motor and the feed 
screw, so that even if the electric motor is rotated 
reversely by the external noise the feed screw is pre- 
vented from rotating reversely, and the danger of the 
malfunction can be avoided. 

[0026] The other objects and features of the present 
invention will become apparent from the following 
descriptions in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Fig. 1 illustrates a schematic view of the construc- 
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tion of a conventional liquid infusion apparatus; 
Fig. 2 illustrates a schematic view of the construc- 
tion of a linear encoder of the conventional liquid 
infusion apparatus; 

Fig. 3 illustrates a view of an essential portion of a s 

pressure sensor on a slider mounting portion in the 

conventional liquid infusion apparatus; 

Fig. 4A illustrates a side view of an essential portion 

in a state that an end of a plunger is not yet held by 

the slider of the conventional liquid infusion appara- w 

tus; 

Fig. 4B illustrates a vertical sectional side view of 
an essential portion in a state that the end of the 
plunger is held by the slider of the conventional liq- 
uid infusion apparatus; is 
Fig. 5A illustrates a view of the conventional liquid 
infusion apparatus; 

Fig. 5B illustrates a side view of the liquid infusion 
apparatus shown in Fig. 5A; 

Fig. 6 illustrates a view of the conventional liquid 20 
infusion apparatus; 

Fig. 7 illustrates a schematic view of a liquid infu- 
sion apparatus according to the present invention; 
Fig. 8A illustrates a schematic view of a slit plate of 
an incremental encoder for use in a liquid infusion 25 
apparatus according to the present invention; 
Fig. 8B illustrates a view of the incremental encoder 
according to the present invention using the slit 
plate shown in Fig. 8A; 

Fig. 8C illustrates a view of the incremental encoder 30 
according to the present invention using a reflecting 
plate; 

Fig. 9A illustrates a side view of an essential portion 
in a state that the end of the plunger is not yet held 
by the slider of a liquid infusion apparatus accord- 35 
ing to an embodiment of the present invention; 
Fig. 9B illustrates a view, taken along lines A-A' of 
Fig. 9A.; 

Fig. 10A illustrates a side view of an essential por- 
tion in a state that the end of the plunger is held by 40 
the slider of the liquid infusion apparatus according 
to an embodiment of the present invention; 
Fig. 10B illustrates a view, taken along lines A-A* of 
Fig. 10A; 

Fig. 1 1 A illustrates a vertical sectional side view of 45 
an essential portion of the slider of a liquid infusion 
apparatus according to an embodiment of the 
present invention; 

Fig. 11 B illustrates a vertical sectional side view of 
an essential portion of the slider of a liquid infusion so 
apparatus according to an embodiment of the 
present invention; 

Fig. 11C illustrates a vertical sectional side view of 
an essential portion of the slider of a liquid infusion 
apparatus according to an embodiment of the 55 
present invention; 

Fig. 12A illustrates a sectional view of an essential 
portion of the slider of a liquid infusion apparatus 



according to another embodiment of the present 
invention; 

Fig. 12B illustrates a sectional view of an essential 
portion of the slider of a liquid infusion apparatus 
according to another embodiment of the present 
invention; 

Fig. 12C illustrates a sectional view of an essential 
portion of the slider of a liquid infusion apparatus 
according to another embodiment of the present 
invention; 

Fig. 13 illustrates a diagram showing a property of 
a pressure sensor of the liquid infusion apparatus 
according to another embodiment of the present 
invention; 

Fig. 14A illustrates a view of an essential portion in 
a state that the end of the plunger is not yet held by 
the slider of a liquid infusion apparatus according to 
another embodiment of the present invention; 
Fig. 14B illustrates a view, taken along lines A-A* of 
Fig. 14A.; 

Fig. 15A illustrates a view of an essential portion in 
a state that the end of the plunger is held by the 
slider of a liquid infusion apparatus according to 
another embodiment of the present invention; 
Fig. 15B illustrates a view, taken along lines A-A* of 
Fig. 15A; 

Fig. 16A illustrates a sectional view of an essential 
portion in a state that the end of the plunger is held 
by the slider of a liquid infusion apparatus accord- 
ing to another embodiment of the present invention; 
Fig. 16B illustrates a view, taken along lines A-A* of 
Fig. 16A; 

Fig. 17A illustrates a sectional view of an essential 
portion in a state that the end of the plunger is not 
yet held by the slider of the liquid infusion apparatus 
according to the embodiment shown in Figs. 16A 
and 16B; 

Fig. 17B illustrates a sectional view, taken along 
lines A-A' of Fig. 17A; 

Fig. 18A illustrates a sectional view of an essential 
portion in a state that the end of the plunger is not 
yet held by the slider of a liquid infusion apparatus 
according to another embodiment of the present 
invention; 

Fig. 18B illustrates a view, taken along lines A-A* of 
Fig. 18A; 

Fig. 19A illustrates a sectional view of an essential 
portion in a state that the end of the plunger is held 
by the slider of the liquid infusion apparatus accord- 
ing to the embodiment shown in Figs. 1 8A and 1 8B; 
Fig. 19B illustrates a view, taken along lines A-A* of 
Fig. 19A; 

Fig. 20A illustrates a sectional view of an essential 
portion in a state that the end of the plunger is not 
yet held by the slider of a liquid infusion apparatus 
according to another embodiment of the present 
invention; 

Fig. 20B illustrates a view, taken along lines A-A' of 
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Fig. 20A; 

Fig. 21 A illustrates a sectional view of an essential 
portion in a state that the end of the plunger is held 
by the slider of the liquid infusion apparatus accord- 
ing to the embodiment shown in Figs. 20A and 20B; s 
Fig. 21 B illustrates a view, taken along lines A-A' of 
Fig. 21 A; 

Fig. 22 illustrates a side view showing a liquid infu- 
sion apparatus according to the other embodiment 
of the present invention; and 10 
Fig. 23 illustrates a section view of a one-way dutch 
for use in the liquid infusion apparatus according to 
the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION is 

[0028] The present invention will now be explained 
with reference to the drawings. Fig. 7 is a schematic 
view of a liquid infusion apparatus according to the 
present invention. Paris of the apparatus which are sim- 20 
ilar to corresponding parts of the conventional appara- 
tus shown in Fig. 1 have been given corresponding 
reference numerals and need not be further rede- 
scribed. As shown in Fig. 7, a plate 22 of a linear 
encoder is provided in parallel with a feeding screw 7, 25 
and a photo-coupler 23 of a carriage 8 is provided so as 
to face to said plate 22. A sensor 24 is provided in the 
vicinity of an end of said plate 22 corresponding to an 
end of a cyringe 14. A dog 26 is provided on said car- 
riage 8 so as to actuate said sensor 24. An output of 30 
said photo-coupler 23 is applied to a CPU 1 through an 
encoder output processing circuit 4, and an output of 
said sensor 24 is applied to the CPU 1 through a sensor 
output processing circuit 25. 

[0029] As shown in Fig. 7. an incremental linear 35 
encoder is composed of the plate 22 arranged in paral- 
lel with the feecfing screw 7. and the photo-coupler 23 
fixed to the carriage 8, which is stationarily engaged 
with a slider 9. Further, the dog 26 for a remaining liquid 
quantity small section is mounted on the carriage 8, and 40 
the sensor 24 for the remaining liquid quantity small 
section is actuated by the movement of the carriage 8. 
[0030] In operation, a pulse signal generated between 
the plate 22 with slits and the photo-cupler 23 mounted 
on the carriage 8 is processed in the encoder output 45 
processing circuit 4 and applied to the CPU 1 as an 
information to show the movement of the carriage 8, so 
that the movement of the carriage 8 can be monitored 
directly. 

[0031 ] Furthermore, a signal generated when the dog so 
26 mounted on the carriage 8 is moved across the sen- 
sor 24 is processed by the sensor output processing cir- 
cuit 25 and applied to the CPU 1 as an information of 
position. Then an encoder feedback pulse obtained by 
processing the pulse signal generated from the photo- 55 
coupler 23 by the encoder output processing circuit 4 is 
applied to an UP/DOWN counter and compared with an 
initial value applied to the UP/DOWN counter previously 



to recognize in non-contact manner an absolute posi- 
tion of the plunger at the remaining liquid quantity small 
section. 

[0032] As shown in Figs. 8A and 8B. an example of an 
optical incremental linear encoder for use in the liquid 
infusion apparatus according to the present invention 
comprises an opaque planar plate 22 having fine slits 
22-1 equidistarrtiy apart from one another, and a photo- 
coupler 22-2 consisting of a light emitting element 22-3 
and a light receiving element 22-4, wherein a pulse sig- 
nal is obtained when the slit 22-1 of the plate 22 is 
moved across the optical axis of said photo-coupler 22- 
2. As shown in Fig. 8C, an optical incremental linear 
encoder of the other embodiment of the present inven- 
tion comprises the plate 22 with the slits, a light reflect- 
ing plate 22-5 arranged in the vicinity of and in parallel 
with said plate 22, and a photo-coupler 22-6 consisting 
of a light emitting element 22-7 and a light receiving ele- 
ment 22-8 arranged at the opposite side of the light 
reflecting plate 22-5 with respect to the plate 22, 
wherein a pulse signal can be obtained corresponding 
to a reflected light reflected from the light reflecting plate 
22-5 through the slit 22-1 of the plate 22. Both optical 
incremental linear encoders are the same in function 
with each other and can be used similarly. 
[0033] As stated above, the incremental linear 
encoder having the opaque planar plate having the fine 
slits equidistarrtiy apart from one another for use in the 
liquid infusion apparatus of the present invention is sim- 
ple in construction and low in manufacturing cost com- 
pared with the conventional absolute value type linear 
encoder shown in Fig. 2, wherein a plurality of transpar- 
ent sections of which width is narrower in consecutive 
order are formed on both of the transparent and non- 
transparent portions. The incremental encoder of the 
present invention has such features that the plate with 
slits can be manufactured low in cost and that a high 
precision detecting signals of the moving speed, the 
moving distance and the absolute position etc. of the 
plunger can be obtained economically by processing 
and converting the output by a processing circuit 
[0034] In place of the optical type incremental linear 
encoder shown in Fig. 8. a magnetic type incremental 
linear encoder where in a magnetic scale plate having N 
poles and S poles formed alternately with a constant 
pitch is arranged at a position of the slit plate, and a 
magnetic detection device is arranged at a position of 
the photo sensor, can be used. 
[0035] According to the liquid infusion apparatus hav- 
ing the above structure of the present invention, the 
detection's of the moving distance of the plunger and 
the absolute position of the plunger at the liquid remain- 
ing area can be realized in non-contact manner by 
detecting the actual motion of the carriage for pushing 
out the plunger. 

[0036] Another embodiment of the present invention 
will now be explained with reference to Figs. 9-11. Figs. 
9A and 9B show a state that the flange of the plunger in 
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the cyringe is not yet held by the slider portion. Fig. 9A 
is a side view of the essential portion of the apparatus 
according to the present invention, and Fig. 9B is a front 
view, taken along the tines A-A ■ of Fig. 9A and viewed 
in the direction of arrow. Figs. 1 0A and 1 0B show a state 
that the flange of the plunger in the cyringe is held by 
the slider portion. Fig. 1 0A is a side view of the essential 
portion of the apparatus according to the present inven- 
tion, and Fig. 1 0B is a front view, taken along the lines 
A-A 1 of Fig. 10A and viewed in the direction of arrow. 
[0037] In Figs. 9A and 9B, if a push button 17-1 is 
pushed, the holding arms 27 of a slider 16 for holding 
the flange of the plunger are rotated around shafts 27-1 . 
and opened so that the slider 16 can be approached to 
the end of said plunger without contacting with the hold- 
ing arms 27. Then, as shown in Fig. 10A, the slider 16 
is moved in the leftward direction in Fig. 9A so that a 
contact surface 16-1 of the slider 16 is brought into con- 
tact with the end surface of the plunger 15. When the 
push button 17-1 of the slider 16 is retracted, the hold- 
ing arms 27 are rotated so as to engage with the flange 
15-1 of the plunger as shown in Fig. 10B, and the slider 
16 is approached to the flange of the plunger for hold- 
ing. 

[0038] Figs. 1 1 A to 1 1C are views for explaining the 
essential portions of the slider 1 6 shown in Figs. 9A and 
9B, and Figs. 10A and 10B. Fig. 1 1 A shows a state that 
the holding arms 27 for holding the flange of the plunger 
are closed. Fig. 1 1 B shows a state that the holding arms 
27 are opened. Fig. 1 1C shows a state that the cyringe 
14 and the plunger 15 are held by the slider 16. In Figs. 
1 1 A to 1 1 C, a reference numeral 27-2 denotes a screw 
groove on the shaft 27-1, a reference numeral 28 
denotes a driving lever of the holding arm 27, 28-1 
denotes a shaft for the lever 28. 28-2 denotes an engag- 
ing pin engaging with the screw groove 27-2, and 29 
denotes a return spring. Two holding arms 27 and parts 
corresponding thereto are provided so as to be rotated 
in the directions opposite to each other. 
[0039] In Fig. 11B. if the push button 17-1 of the 
releasing device (not shown) for the slider is pushed, 
the driving lever 28 for the holding arms 27 is rotated 
centering around the shaft 28-1 . so that the shafts 27-1 
of the holding arms 27 are moved in the leftward direc- 
tion against the return springs 29 because the engaging 
pin 28-2 is engaged with the screw groove 27-1 on the 
shaft 27-1 of the holding arm 27. At the same time, the 
shafts 27-1 are rotated in the counter-clockwise direc- 
tion by the action of the engaging pins 28-2 and the 
screw grooves 27-2, so that the holding arms 27 for 
holding the flange of the plunger are opened. As shown 
in Fig. 11 A. when the push button 17-1 is returned the 
lever 1 7 of the releasing device is returned and the driv- 
ing lever 28 of the holding arms 27 is also returned. 
Accordingly, the shafts 27-1 are moved in the rightward 
direction by the action of the engaging pins 28-2 and the 
screw grooved 27-2, so that the holding arms 27 are 
closed. In Fig. 1 1 A, the holding arms 27 approach to a 



contact portion 1 6-2 of the plunger, because the cyringe 
14 is not yet mounted. Figs. 1 1 A and 1 1 B show a state 
that the push button 1 7-1 is operated in the absence of 
the cyringe. As shown in Fig. 1 1C, if the push button 17- 
5 1 is returned in a state that the flange 15-1 of the 
plunger 15 is contacted with the contact portion 16-2 of 
the slider 16. the holding arms 27 urge the flange 15-1 
of the plunger to the contact portion 1 6-2 of the slider 1 6 
for holding. In the state shown in Fig. 1 1C, two holding 
w arms 27 urge the flange 1 5-1 to the contact portion 1 6- 
2 of the slider with the force of the return spring 29 for 
holding, so that the flange 15-1 of the plunger can be 
held positively by the slider 16, ever if the thickness of 
the flange 15-1 is varied. 
is [0040] In case that the cyringe 14 is to be released 
from the main body 21 of the liquid infusion apparatus, 
the cyringe 14 can be released easily from the main 
body 21. because two holding arms 27 are opened 
when the push button 17-1 is pushed. 
20 [0041] According to the liquid infusion apparatus of 
the present invention having the above construction, by 
pushing the push button when the cyringe is installed in 
the main body of the liquid infusion apparatus, the hold- 
ing arms for holding the flange of the plunger are moved 
25 in the moving direction of the slider and rotated to hold 
the flange of the plunger easily, and by returning the 
push button the holding arms urge the flange to the 
slider for holding. Accordingly, the flange can always be 
held by the slider positively even if the size of the 
30 cyringe is changed. 

[0042] Another embodiment of the liquid infusion 
apparatus according to the present invention will be 
explained with reference to Figs. 12A- 12C. Figs. 12A- 
12C each shows an enlarged cross section of essential 
as portions of the slider 1 6. Fig. 1 2A shows a state that the 
holding arms 27 are opened and the flange of the 
plunger 15 is not mounted on the slider 16. Fig. 12B 
shows a state that the holding arms 27 are closed. Fig. 
1 2C shows a state that the flange 1 5-1 of the plunger 1 5 
40 is held by the holding arms 27. In order to avoid the 
complexity, the explanation of the driving means for the 
holding arms 27 is omitted. 

[0043] In Figs. 12A~ 12C, a reference numeral 30 
denotes a pressure sensor and 31 denotes a pressure 

45 transmitting portion. 

[0044] As shown in Figs. 12A and 12B, the pressure 
sensor 30 is fixed to the slider 16. and a pressure 
receiving portion thereof is connected to the contact 
portion 16-2 through the pressure transmitting portion 

so 31. In Figs. 12A and 12B, the holding arms 27 are not 
contacted with the contact portion 16-2 of the slider, so 
that no pressure is applied to the pressure sensor 30. 
[0045] In Fig. 12C, the flange 15-1 of the plunger is 
contacted with the contact portion 16-2 of the slider, the 

55 holding arms 27 are closed, and the holding arms 27 
urge the flange 15-1 of the plunger to the contact por- 
tion 1 6-2 of the slider with the force of return springs 29. 
In this state, an output corresponding to the force of the 



8 



13 



EP 0 916 353 A1 



14 



return spring 29 is generated from the pressure sensor 
30, because the flange 15-1 of the plunger is pressed to 
the contact portion 1 6-2 by the return springs 29. 
[0046] Fig. 13 is a diagram showing the relation 
between the pressure applied to the pressure sensor 30 s 
and the output thereof, and a point 1 of the ordinate cor- 
responds to zero pressure and points 2, 3. 4 each cor- 
responds to each pressure of the operation states. In 
Fig. 13, the point 1 of the ordinate shows a state that the 
cyringe is not mounted on the slider as shown in Figs. io 
1 2A and 1 2B. so that no pressure is applied to the pres- 
sure sensor 30 and the output is zero. The point 3 of the 
ordinate shows a state that the flange 15-1 of the 
plunger is contacted with the contact portion 16-2 of the 
slider and pressed by the holding arms 27 for holding as is 
shown in Fig. 12C, so that the output of the pressure 
sensor corresponds to the force of the return spring 29. 
In this state, the motor 5 is inoperative and the slider 16 
does not urge the plunger 15. 

[0047] When the motor 5 is rotated in a predetermined 20 
direction at a predetermined speed in the state shown in 
Fig. 12C, the slider 16 engaged with the feed screw 7 
urges the plunger 15 in the predetermined direction at a 
predetermined speed to exhaust the liquid. The output 
of the pressure sensor 30 is increased to a value more 25 
than the point 3 corresponding to the value of pressure 
required normally to exhaust liquid, so that the maxi- 
mum pressure is determined as a point 4. The point 2, 
for example, is determined between the points 3 and 1 
in order to detect the negative pressure applied to the 30 
plunger. The points 1, 2, 3 and 4 shown in Fig. 13 are 
set in a comparison circuit (not shown) and compared 
with the output of the pressure sensor 30 to generate 
processing signals corresponding to each state. 
[0048] When the output of the pressure sensor 30 35 
reaches to the point 1. a signal indicating that no 
cyringe is set is generated. When the output of the pres- 
sure sensor 30 reaches to a value more than the point 
3, but less than the point 4, a signal indicating that the 
operation is normal is generated. When the output of 40 
the pressure sensor 30 reaches to a value more than 
the point 4, a signal indicating the overload state is gen- 
erated. When the output of the pressure sensor 30 
reaches to a value less than the point 2, a signal indicat- 
ing that the negative pressure is applied to the plunger 45 
is generated. 

[0049] According to the liquid infusion apparatus of 
the present invention having the above construction, by 
comparing the output of the pressure sensor with the 
values set in the comparison circuit, signals indicating so 
the overload state, out of cyringe state, and negative 
pressure generating state, respectively, can be gener- 
ated, so that the liquid infusion operation can be carried 
out safely. 

[0050] Another embodiment of the liquid infusion 55 
apparatus according to the present invention will be 
explained with reference to Figs. 14A, 14B, 15A and 
1 5B. Fig. 1 4A shows a side view of essential portions of 



a state that the flange 15-1 of the plunger is not 
mounted on the slider 16. Fig. 14B shows a front view, 
taken along the lines A- A* of Fig. 14A and viewed in the 
direction of arrow. Fig. 15A shows a side view of essen- 
tial portions of a state that the flange 15-1 of the plunger 
is held by the slider. Fig. 1 5B is a front view, taken along 
the lines A- A* of Fig. 15A and viewed in the direction of 
arrow. 

[0051] In Figs. 14 A, 14B. 15A. and 15B, two holding 
arms 18 of the slider 16 for holding the flange of the 
plunger are supported by the shafts 18-1 rotatably freely 
and urged to rotate by springs 33 in the clockwise direc- 
tion, each of said holding arms having a small projection 
32 at the side face thereof. On the other hand, the lever 
17 for operating an interlocking rod 34 interlocking with 
the releasing device (not shown) of the slider is sup- 
ported by a shaft 1 7-2 rotatably freely, and a projection 
1 7-3 is provided so as to project in the leftward direction 
from a position lower than said shaft 17-2 of the lever 
1 7, so that when said push button 1 7-1 of the lever 1 8 is 
pushed, said arm 18 is rotated in the counter-clockwise 
direction against the force of the spring 33 by the tip end 
of the projection 17-3 through the small projection 32 
provided at the side face of the arm 27. Accordingly, the 
holding arms 18 are opened to receive therein the 
flange 15-1 of the plunger easily. 
[0052] As shown in Figs. 1 5A and 1 5B, the projection 
17-3 of the lever 17 is retracted, the holding arms 18 is 
rotated in the clockwise direction by the force of the 
spring 33, and the flange 15-1 of the plunger is brought 
into contact with the contact portion 1 6-2 of the slid er 1 6 
for holding, when the slider 16 is moved to a direction 
directing to the end portion of the plunger 15 of the 
cyringe so that the contact portion 16-2 of the slider 16 
is brought into contact with the end of the plunger, and 
the push button 17-1 of the lever 17 is returned. 
[0053] Specifically, the flange 15-1 of the plunger can 
be held positively even if the size of the flange is varied 
according to the mechanical precision, because the 
flange 15-1 of the plunger is pressed to the contact por- 
tion 1 6-2 of the slider 1 6 by the holding arms 1 8 with the 
force of the springs 33 for holding. 
[0054] in case that the cyringe 14 is to be released 
from the main body 21 of the liquid infusion apparatus, 
the cyringe 14 can be released easily, because the 
holding arms 18 are opened to release the flange of the 
plunger when the push button 17-1 of the lever 17 is 
pushed. 

[0055] According to the above liquid infusion appara- 
tus, the press holding and release of the flange can be 
carried out by the operation to push the slider release 
button when the cyringe is mounted on or released from 
the main body of the liquid infusion apparatus, so that 
the handling is very easy and the load of the operator 
becomes small. 

[0056] Another embodiment of the present invention 
will now be explained with reference to Figs. 16 A, 16B, 
17A, 17B. 18A, 18B. 19A, 19B, 20A, 20B, 21Aand21B. 
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Figs. 1 6 A and 1 6B show a state that a half-nut releasing 
device is engaged and a half-nut is engaged with the 
feed screw. Fig. 16A is a side view of essential portions 
of the apparatus according to the present invention. Fig. 
16B is a cross section of the essential portion, taken 5 
along the lines A-A* of Fig. 16A. Figs. 17A and 17B 
show a state that the half -nut ts released. Fig. 17A is a 
side view of the essential portion of the apparatus. Fig. 
17B is a cross section of the essential portion, taken - 
along the lines A-A* of Fig. 1 7A. 10 
[0057] In Figs. 16A. 16B, 17A and 17B, reference 
numeral 1 6-4 denotes an extending portion of the slider 
16, reference numeral 35 denotes a return spring for an 
interlocking rod 34, 36 denotes a half-nut releasing 
device, 36-1 denotes a releasing cam, 37 denotes a is 
half-nut holding portion, 37-1 denotes a half-nut sliding 
groove, 37-2 denotes a release spring for the half-nut 
38 denotes a feed screw, 39 denotes a half-nut, and 39- 
1 denotes a bearing. 

[0058] As shown in Figs. 16A, 16B. 17A and 17B, the 20 
half-nut holding portion 37 is provided on the extending 
portion 16-4 of the slider 16 extending along the feed 
screw 38 movabty freely with respect to the feed screw 
38, and the half-nut sliding groove 37-1 extending nor- 
mally to the feed direction of the feed screw 38 is pro- 25 
vided at the half-nut holding portion 37. The half-nut 39 
is inserted slidably into the sliding groove 37-1 to sup- 
port the half-nut by the feed screw detach ably, and the 
half-nut releasing device 36 is fixed on the tip end of the 
interlocking rod 34 having the return spring 35 arranged so 
in parallel with the extending portion 16-4. The releasing 
cam 36-1 having a step extending to the forward direc- 
tion of the interlocking rod 34 is formed on the half-nut 
releasing device 36 at a position facing the end portion 
of the half-nut 39, the bearing 39-1 provided at the end ss 
of the half-nut 39 is brought into contact with the releas- 
ing cam 36-1 , and the half-nut 39 is urged to a releasing 
direction by a spring 36-2 for releasing. 
[0059] As shown in Figs. 17A and 17B, the releasing 
can of the half-nut releasing device 36 fixed to the inter- 40 
locking rod 34 is moved leftwards, and the bearing 39-1 
of the half-nut 39 is brought into contact with the lower 
step of the releasing cam 36-1 , so that the half-nut 39 is 
separated from the feed screw 38 by the force of the 
spring 36-2, when the push button 1 7-1 of the releasing 45 
lever 1 7 is pushed, and the interlocking rod 34 is moved 
leftwards against the force of the return spring 35. 
[0060] As shown in Figs. 16A and 16B. the interlock- 
ing rod 34 is moved rightwards, and the bearing 39-1 of 
the half-nut 39 is brought into contact with the upper so 
step of the releasing cam 36-1 , so that the half -nut 39 is 
brought into engagement with the feed screw 38 against 
the force of the spring 36-2, when the push button 17-1 
of the releasing lever 17 is retracted, and the interlock- 
ing rod 34 is moved rightwards by the force of the return 55 
spring 35. 

[0061] As a result the half-nut 39 is prevented from 
floating from the feed screw, because the half-nut 39 is 



urged in the direction normal to the feeding cfirection of 
the feed screw by the upper step of the releasing cam. 
[0062] Another embodiment of the present invention 
wherein both of the half-nut releasing device 36 and the 
holding arm for press holding the flange of the plunger 
by the slider 16 are provided will now be explained. 
Figs. 18A and 18B show a state that the flange of the 
plunger is not yet held by the slider 1 6. Fig. 18A is a sec- 
tional side view of the essential portion. Fig. 18B is a 
view, taken along the lines A-A f of Fig. 18A. Figs. 19A 
and 19B show a state that the flange of the plunger is 
held by the slider 16. Fig. 19A is a sectional side view of 
the essential portion. Fig. 19B is a view, taken along the 
lines A- A 1 of Fig. 19A. 

[0063] In Fig. 1 8, the slider 16 is arranged at a position 
remote from the plunger 16, and when the push button 
17-1 is pushed the slider releasing lever 17 is rotated 
around the shaft 17-2 and the projection 32 of the arm 
18 is pushed by the tip end of the projection 17-3 at the 
left side of the slider releasing lever 1 7, so that the arm 
18 is rotated in the counter-clockwise direction against 
the force of the return spring 33. As a result, the tip end 
of the arm 1 8 is lowered from the position of the flange 
15-1 of the plunger so that the flange 15-1 of the plunger 
can be passed easily through the arms. As shown in 
Fig. 18B, the holding arms 18 are positioned at the out- 
side of the flange 15-1 of the plunger. On the other 
hand, the bearing 39-1 is brought into contact with the 
lower step of the releasing cam 36-1, and the half-nut 
39 is lowered by the force of the spring 36-2 and sepa- 
rated from the feed screw 38, so that the slider can be 
moved freely in the moving direction of the plunger, 
when the interlocking rod 34 is moved in the leftward 
direction against the force of the return spring 35 by the 
other end of the slider releasing lever 17 to move the 
half-nut releasing device 36 connected to the interlock- 
ing rod 34 in the leftward direction. 
[0064] As shown in Fig. 1 9A, the projection 1 7-3 of the 
releasing lever 1 7 is retracted, and the holding arm 1 8 is 
rotated in the clockwise direction, so that the flange 15- 
1 of the plunger is pressed to the contact portion 1 6-2 of 
the slider 16 and held by the tip end of the holding arm 
18, when the slider 16 is moved toward the end portion 
of the plunger to bring the contact portion 16-2 of the 
slider 16 into contact with the end portion of the flange 
15-1 of the plunger 15, and the push button 17-1 of the 
releasing device of the slider is released. 
[0065] On the other hand, when the interlocking rod 
34 to which the other end of the slider releasing lever 1 7 
is contacted is moved in the rightward direction by the 
force of the return spring 35, the half-nut releasing 
device 36 connected to the interlocking rod 34 is also 
moved in the rightward direction, so that the bearing 39- 
1 of the half-nut is brought into contact with the upper 
step of the releasing cam 36-1. and the half-nut 39 is 
moved upwardly against the spring 36-2 and brought 
into engagement with the feed screw 38. As the upper 
step of the releasing cam 36-1 is formed in parallel with 
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the feed screw, the precise feeding can be attained, 
because the floating movement in the radial direction of 
the half-nut is prevented even if a load is applied to the 
feed screw 38. 

[0066] Another embodiment of the present invention s 
wherein both of the half-nut releasing device 36 and the 
holding arm for press holding the flange of the plunger 
are provided on the slider will be explained. 
[0067] Figs. 20A and 20 B show a state that the flange 
of the plunger of the cyringe is not yet held by the slider w 
16. Fig. 20A is a side view of essential portions. Fig. 
21 B is a view, taken along the lines A-A * of Fig. 21 A. 
[0068] As shown in Figs. 20A and 20B, the slider 1 6 is 
positioned remote from the flange 1 5- 1 of the plunger of 
the cyringe 14. and two holding arms 27 supported by is 
the shafts 27-1 are separated from the slider 16 by the 
internal mechanism of the slider 16, rotated in the direc- 
tions of arrows and opened so that the flange 15-1 of 
the plunger can be brought into contact with the contact 
portion 16-2. 20 
[0069] As shown in Figs. 21 A and 21 B. two holding 
arms 27 supported by the shafts 27-1 approach the 
slider 16 and are rotated in the directions of arrows and 
closed, so that the flange 1 5-1 of the plunger is pressed 
to and held by the contact portion 16-2 of the slider 16, 25 
when the slider 16 is moved toward the plunger to bring 
the contact portion 16-2 into contact with the flange 15- 
1 of the plunger, and the release button 17-1 is 
retracted. 

[0070] This mechanism is shown detailecdy in Figs. 30 
20A. 20B, 21 A and 21 B. Fig. 20A is a cross section of 
the essential portion in a state that the plunger is not yet 
contacted with the slider 16. Fig. 20B is a side view, 
taken along the lines A-A* of Fig. 20A. Fig. 20B shows a 
state that the release button 17-1 is pushed, and the 3s 
interlocking rod 34 is moved in the leftward direction, so 
that the bearing 39-1 of the half-nut is brought into con- 
tact with the lower step of the releasing cam 36, and the 
half-nut 39 is lowered by the force of the spring 36-2 to 
release the engagement of the feed screw 38. Two hold- 40 
ing arms 27 are supported rotatably freely by the shafts 
27-1 and movabfy in the forward direction of the slider 
16. A guide groove for rotation is formed at one side of 
the shaft 27-1 opposite to the other side of the shaft 27- 
1 on which the holding arm 27 is mounted. The holding 45 
arm 27 is urged to the plunger contact surface of the 
slider by the return spring 29. 

[0071] The driving lever 28 for driving the holding arm 
27 supported by the shaft 17-2 is rotated in the clock- 
wise direction when the releasing button 17-1 is so 
pushed. The shaft 27-1 is moved in the leftward direc- 
tion against the return spring 29 and rotated by the 
action of the guide groove 27-2 because the engaging 
pin 28-2 provided at one end of the lever 28 is engaged 
with the guide groove 27-2 provided on the Shaft 27-1 of ss 
the holding arm 27, so that as shown in Fig. 20B the 
holding arms 27 are opened and the flange of the 
plunger can be brought into contact with the contact sur- 



face of the slider 16. 

[0072] In Figs. 20A and 20B. the releasing lever 1 7 is 
restored, and the interlocking rod 34 is moved in the 
rightward direction by the force of the return spring 35, 
so that the bearing 39-1 is brought into contact with the 
upper step of the releasing cam 36-1 of the half-nut 
releasing device 36, and the half-nut 39 is brought into 
engagement with the feed screw 38, when the slider 16 
is moved and contacted with the flange of the plunger, 
and the released button 17-1 is restored, as shown in 
Figs. 21 A and 21 B. On the other hand, when the 
release button 17-1 is restored, the driving lever 28 for 
the holding arm 27 is rotated in the counter-clockwise 
direction, the engaging pin 28-2 engaged with the guide 
groove 27-2 of the shaft 27-1 is moved in the rightward 
direction, and the holding arm 27 is rotated by the force 
of the spring 29, so that the flange is pressed to and 
held by the contact portion 16-2 of the slider 16. The 
flange of the plunger can be held positively by the slider, 
because the holding arm 27 is attracted toward the 
plunger contact surface of the slider by the force of the 
return spring 29 while the shaft 27-1 is rotated. 
[0073] Further, the cross section of the tooth of the 
feed screw 34 is inclined to a plane normal to the feed- 
ing direction of the screw, so that the feed screw can be 
manufactured by the form rolling process etc. economi- 
cally with high precision. On the contrary, the half-nut 39 
may be floated in the radial direction thereof on loading. 
However, the upper step of the release cam 36-1 is 
formed in parallel with the screw 38 and urges the half- 
nut 39 toward the screw 38, so that the half-nut 39 is 
prevented from floating to ensure the precise feeding. 
Further, if the cross section of the tooth of the feed 
screw 38 is saw tooth shape and the vertical surface 
thereof is determined as the forward side, the floating of 
the half-nut 39 on loading can be prevented, and the 
screw can be manufactured economically and easily. 
[0074] In the liquid infusion apparatus having the 
above construction, the engagement and disengage- 
ment of the slider with the feed screw can easily be car- 
ried out by the operation of the slider release button, 
and the flange of the plunger can be pressed to and 
held by the rotatable slider. 

[0075] In the other embodiment of a liquid infusion 
apparatus shown in Fig. 22, the feed screw 7 is con- 
nected to the rotary shaft of the electric motor 5 through 
a pinion 6-1 , a one-way clutch 19 and a large gear 6-2. 
As said one-way clutch, a conventional clutch as shown 
in Fig. 23 can be used. The dutch comprises a cylinder 
7-2 fixed coaxiaily to an axis 7-1 of the feed screw 7, a 
plurality of triangular grooves 7-3 formed on the outer 
periphery of the cylinder 7-2, an outer cylinder 20 fixed 
to said large gear 6-2, the inner peripheral surface of 
said outer cylinder 20 facing the outer peripheral sur- 
face of said cylinder 7-2, and balls 20-1 each inserted 
into a space formed between the inner peripheral sur- 
face of said outer cylinder 20 and said triangular groove 
7-3. 
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tor pushing the plunger, means for processing an 
output of said detecting means and applying it to an 
UP/DOWN counter to compare with an initial value 
inputted previously so as to generate a signal indi- 
5 eating a moving quantity of said plunger, and a sen- 

sor provided in the vicinity of an end of said outer 
cylinder for setting along said feeding axis a 
remaining liquid quantity small section, wherein 
said counter is reset or the counted value is memo- 
to rized and then the counting is started by an output 
of said sensor so as to determine a position of the 
plunger at said remaining liquid quantity small sec- 
tion. 

is 3. The liquid infusion apparatus as claimed in claim 1 
or 2, wherein said incremental linear encoder is of 
optical and transmissible type. 

4. The liquid infusion apparatus as claimed in claim 1 
20 or 2. wherein said incremental linear encoder is of 
optical and reflection type. 



[0076] In the liquid infusion apparatus shown in Fig. 
22. when the electric motor 5 is rotated in the predeter- 
mined direction (in the clockwise direction, for example), 
the feed screw 7 is rotated by the electric motor 5 
through the one-way dutch 19, so that the slider 16 is 
urged to move the plunger 15 in the liquid exhausting 
direction and thus the liquid infusion apparatus is oper- 
ated correctly. 

The one-way clutch 1 9 slips and the rotation of the elec- 
tric motor 5 is not transmitted to the feed screw 7. if the 
electric motor 5 is rotated reversely (counter-clockwise 
direction) for some reason, and accordingly such a 
wrong operation that the plunger 15 is moved reversely 
(suction direction) by the slider can be prevented. 
10077] The above liquid infusion apparatus has such 
an excellent function that the wrong operation, such as 
the reverse moving of the plunger can be prevented 
even if the electric motor is rotated reversely due to the 
electric noises or the like. 

INDUSTRIAL APPLICABILITY 

[0078] As stated above, the liquid infusion apparatus 
of the present invention is useful for the oscillating 
device of the plunger of the cyringe. 25 
[0079] The scope of the present invention should not 
be limited to the above embodiments and should be 
defined by the terms of the claims appended hereto. 

Claims 30 

1 . In a liquid infusion apparatus having means for fix- 
ing an outer cylinder of a cyringe and driving means 
for pushing a plunger in a predetermined direction 

so as to exhaust liquid in the cyringe. the improve- 35 
merit characterized by comprising an incremental 
linear encoder arranged along the feeding axis of 
said driving means for pushing the plunger, detect- 
ing means of said incremental linear encoder 
mounted on a slider portion of said driving means 40 
for pushing the plunger so as to generate a signal 
indicating a moving quantity of said plunger, and a 
sensor provided in the vicinity of a liquid exhaust 
port of said outer cylinder for setting along said 
feeding axis a remaining liquid quantity small sec- 4s 
tion so as to generate a signal about a position of 
the plunger at said remaining liquid quantity small 
section. 

2. In a liquid infusion apparatus having means for fix- so 
ing an outer cylinder of a cyringe and driving means 

for pushing a plunger in a predetermined direction 
so as to exhaust liquid in the cyringe, the improve- 
ment characterized by comprising an incremental 
linear encoder arranged along the feeding axis of ss 
said driving means for pushing the plunger, detect- 
ing means of said incremental linear encoder 
mounted on a slider portion of said driving means 



5. The liquid infusion apparatus as claimed in claim 1 
or 2, wherein said incremental linear encoder is of 
magnetic type. 

6. In a liquid infusion apparatus having a feed screw 
driven by a prime mover and a slider movable line- 
arly and engaged with said feed screw so as to 
push a plunger of a cyringe for exhausting liquid in 
the cyringe. the improvement characterized by 
comprising a holding arm for pushing a flange of 
said plunger in a direction reverse to a pushing 
direction of the plunger toward a plunger holding 
portion of said slider for holding, a pressure sensor 
provided at said plunger holding portion of the 
slider, and a processing circuit for comparing an 
output of said pressure sensor with a plurality of ref- 
erence values to generate a processing signal. 

7. The liquid infusion apparatus as claimed in claim 6, 
wherein said plural reference values are 1 , 2. 3 and 
4, and set in a processing circuit for comparing, the 
value 1 corresponding to an output of said pressure 
sensor in a state that the flange of the plunger is not 
yet held by the plunger holding portion of the slider, 
the value 3 corresponding to an output of said pres- 
sure sensor in a state that the flange of the plunger 
is held by the plunger holding portion of the slider, 
which is more than the output of the value 1, the 
value 4 corresponding to the maximum output of 
said pressure sensor, which is more than the output 
of the value 3, and the value 2 corresponding to an 
output of said pressure sensor which is more than 
the output of the value 1. but less than the output of 
the value 3. 

respectively, and further comprising means for gen- 
erating 
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(1) a signal indicating a state that no cyringe is 
set when the output of the pressure sensor 
becomes to the value 1 , 

(2) a signal indicating a normal state when the 
output of the pressure sensor becomes to a s 
value more than the value 3. but less than the 
value 4, 

(3) a signal indicating an overload state when 
the output of the pressure sensor becomes to a 
value more than the value 4, and w 

(4) a signal indicating a case that a negative 
pressure is applied on the plunger when the 
output of the pressure sensor becomes to the 
value 2, respectively. 

is 

8. In a liquid infusion apparatus having a feed screw 
driven by a prime mover and a slider movable line- 
arly, which is engaged with said feed screw so as to 
push a plunger of a cyringe for exhausting liquid in 
the cyringe, the improvement characterized by 20 
comprising a holding means for holding a flange of 

a plunger of the slider, which is fixed to a supporting 
shaft movable in a moving direction of the slider and 
supported rotatably freely, wherein said supporting 
shaft is rotated so as to separate said holding 25 
means from said flange when said holding means is 
moved so as to go away from the slider, and said 
supporting shaft is rotated so as to bring the holding 
means into engagement with said flange when said 
holding means is approached to the slider. 30 

9. In a liquid infusion apparatus having a feed screw 
driven by a prime mover and a slider movable line- 
arly, which is engaged with said feed screw so as to 
push a plunger of a cyringe for exhausting liquid in 35 
the cyringe, the improvement characterized by 
comprising a lever supported rotatably freely by a 
first shaft arranged horizontally and normally to a 
moving direction of said slider, a push button pro- 
vided at one end of said lever so as to project from 40 
said slider, a slider releasing device, an interlocking 

rod interlocking with said slider releasing device, 
the other end of said lever being contacted with said 
interlocking rod, holding means supported by said 
slider rotatably by a second shaft, which is in paral- 45 
lei to said first shaft for press holding the flange of 
the plunger by the slider, a spring for urging the 
holding means to rotate in the clockwise direction, 
and interlocking means for interlocking said holding 
means with said lever. ~ 50 

10. The liquid infusion apparatus as claimed in claim 9, 
wherein said interlocking means has a spring for 
urging said holding means to rotate in the clockwise 
direction. 55 

11. The liquid infusion apparatus as claimed in daim 9, 
wherein said interlocking means has a projection 



provided on the other side of said lever which is 
brought into engagement with a small projection 
provided on an end of said holding arm, so that said 
holding arm is rotated in the counter-clockwise 
direction by said projection. 

12. In a liquid infusion apparatus having a feed screw 
driven by a prime mover and a slider movable line- 
arly, which is engaged with said feed screw so as to 
push a plunger of a cyringe for exhausting liquid in 
the cyringe. the improvement characterized by 
comprising first means consisting of a releasing 
lever supported rotatably freely by a first shaft of the 
slider, a push button provided at one end of said 
releasing lever so as to project from said slider, a 
half-nut releasing device engaging with the feed 
screw, a pressing portion provided at the other end 
of the releasing lever for pressing an end of an 
interlocking rod extending in parallel with the feed 
screw, and a first spring for restoring said interlock- 
ing rod; and 

second means consisting of a half-nut holding 
portion movable freely with respect to the feed 
screw, which is provided an extending portion 
extending in parallel with the interlocking rod 
and connected as a unit to said slider, a half- 
nut sliding groove extending normal to the for- 
ward direction of the feed screw, formed on the 
half-nut holding portion, a half-nut inserted slid- 
ably into said sliding groove and supported 
detachaWy from the feed screw, and a half-nut 
releasing device fixed to the other end of said 
interlocking rod; 

wherein said half-nut releasing device has a 
releasing cam having at a position facing a sur- 
face opposite to a screw surface of the half-nut 
a step portion in the forward direction of the 
interlocking rod, and a second spring provided 
on the half-nut holding portion for urging in the 
releasing direction the half-nut 

13. The liquid infusion apparatus as claimed in claim 
12. further comprising a holding arm supported 
rotatably freely by a second shaft, which is in paral- 
lel with said first shaft for press holding a flange of 
the plunger by the slider, a third spring for urging 
the holding arm to rotate in the clockwise direction, 
and a projection on said releasing lever, which is 
brought into engagement with a small projection 
provided on an end of said holding arm. 

14. The liquid infusion apparatus as claimed in claim 
12, further comprising a holding arm supported 
rotatably freely and movably in the slider moving 
direction by a supporting shaft for holding a flange 
of a plunger by the slider, wherein said supporting 
shaft is rotated so as to separate said holding arm 
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from said flange when said holding arm is moved so 
as to go away from the slider interlocking with said 
releasing lever, and said supporting shaft is rotated 
so as to bring the holding arm into engagement with 
said flange when said holding arm is approached to 5 
the slider 

15. The liquid infusion apparatus as claimed in daim 
12, wherein the cross section of the tooth of the 
feed screw is inclined to a plane normal to the feed- 10 
ing direction of the feed screw. 

16. The liquid infusion apparatus as claimed in claim 
12, wherein the cross section of the tooth of the 
feed screw is saw tooth shape. is 

17. In a liquid infusion apparatus having a feed screw 
driven by a prime mover and a slider movable line- 
arly, which is engaged with said feed screw so as to 
push a plunger of a cyringe for exhausting liquid in 20 
the cyringe, the improvement characterized by 
comprising means for transmitting a driving force 
only in a cyringe pushing direction inserted 
between the feed screw and the prime mover. 

25 

18. The liquid infusion apparatus as claimed in claim 
17, wherein said means for transmitting the driving 
force is a one-way clutch. 

30 
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FIG. 10A 
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FIG. 11A 
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